We investigated the process of neonatal hyperprolinuria i n dog and r a t . Plasma p r o l i n e varied only 2-fold i n the puppy whereas p r o l i n u r i a increased up t o 12-f o l d from b i r t h t o the 10th day d e c l i n i n g thereafter t o reach a d u l t values (<0.1 umolelmg creatinine) by the t h i r d wk. Stop-flow analysis i n puppies (<17 days old, n=3) and one a d u l t dog revealed t h a t backflux of p r o l i n e i n aist a l nephron i s n o t the source o f neonatal hyperprolinuria. P r o l i n u r i a occurs i n the Long-Evans r a t pup during the f i r s t postnatal wk. We measured net uptake o f L-proline a t low (0.2 mM) and high (5 mM) concentrations by tubule fragments prepared from newborn and a d u l t kidneys. At both concentrations and a t i n i t i a l rates, uptake was s i m i l a r i n newborn and mature tubules; a t o r near steadystate, tubules o f newborn kidney had greater net uptake r e l a t i v e to mature kidney, apparently because e f f l u x i s attenuated. A difference i n metabolic runout d i d not explain the difference i n p r o l i n e uptake by newborn kidney. Tubules from pups less than 7 days o l d d i d n o t exclude the competitive i n h i b i t o r AIB from i n t e r a c t i n g w i t h p r o l i n e during uptake a t 0.2 nl.( when compared w i t h mature kidney, (p = 0.005).
INTRODUCTION
Homeostasis of physiologic function i s regulated by means of c o n t r o l l i n g ( i nt r i n s i c ) signals i n response t o d i s t u r b i n g ( e x t r i n s i c ) signals. The t r a n s i t i o n from i n t r a u t e r i n e t o Dostnatal l i f e i s a major d i s t u r b i n g signal. Accordingly, one expects the process o f perinatal adaptation t o be reflected by changes i n c e l l u l a r functions. The kidney i s an organ o f homeostasis t h a t undergoes p e r inatal adaptation (29) and amino a c i d reabsorption r e f l e c t s the processes of renal ontogeny.
I n mature mammals, amino acids are reabsorbed from f i l t r a t e by saturable, Na+-dependent cotransport systems located i n the luminal membrane o f the proximal nephron (6, 33, 49, 50) ; the d i s t a l nephron does not p a r t i c i p a t e i n t h i s process (6, 36) .
Whereas the luminal membrane controls net reabsorption of amino acid (33, 38, 42, 49) , mediated systems i n the basal-lateral membrane also serve c e l l ul a r uptake o f amino acids from p e r i t u b u l a r f l u i d t o maet metabolic needs along the nephron i n s i t u (5, 7, 11, 30, 33, 38, 42) .
Neonatal iminoglycinuria i s a manifestation o f renal ontogeny (35.37). Proline i s transported by m u l t i p l e systems i n the mature nephron (10, 34, 35, 51, 52) .
Several investigators (2-4,12,32) have i d e n t i f i e d i n vivo and i n vitro d i f f e rences between the newborn and a d u l t r a t i n renal handling o f imino acids and g l y c i n e t h a t must involve one o r more of the carriers. P o s s i b i l i t i e s t o exp l a i n the neonatal p r o l i n u r i a include diminished i n f l u x o r increased backflux o f p r o l i n e a t the luminal membrane, and diminished e f f l u x a t the antiluminal membrane.
We used i s o t o p i c a l l y labeled p r o l i n e t o investigate: (1) by stop-flow analysis i n vivo, whather the d i s t a l tubule i s a s i t e o f backflux o f p r o l i n e during ontogeny;
(2) by collagenase-treated i s o l a t e d renal c o r t i c a l tubule fragments i n vitro, whether net uptake o f p r o l i n e i s d i f f e r e n t i n newborn and a d u l t kidney. Our f i n d i n g s imply t h a t a c t i v i t y o f the h i g h -a f f i n i t y p r o l i n e transp o r t system i s attenuated i n the proximal nephron o f newborn kidney; they exclude the d i s t a l tubule t s the s i t e of neonatal p r o l i n u r i a .
METHODS AND MATERIALS

Animals
Mongrel dogs were used for stop-flow studies. Collagenase-treated tubule fragments were obtained from Sprague-Dawley rats. Animals were raised i n our f a c il i t i e s , housed under approved conditions, and studied a t known postnatal age.
Stop-flow technique
Experiments were performed on 4 a d u l t female dogs (11-20 kg) and 13 puppies (7-22 days a f t e r b i r t h ; 0.45-1.23 kg). The stop-flow method o f Malvin e t a l . (251, modified by Lambert e t a l . (22). was used. Animals were fasted, a s thetized w i t h Nembutal (30-1, tracheotomize:, and cannulated i n the l e f t jugular vein. An abdominal i n c i s i o n was made t o expose and aspirate the urinary bladder and cannulate both ureters. Control samples o f blood and urine were obtained and mannitol (5% i n 0.3% NaC1) was then infused a t 0.3 mllmin. When u r i n e flow had stabilized, one ureteral catheter was clamped. A f t e r an i n t e r v a l (9 min), 1 3~1 L-proline (15 uCi) and 1 1 4~1 i n u l i n (0.25 uCi) were i n j e c t e d together I n 200 u l through the jugular catheter. The ureteral clamp was r eleased a f t e r 3 min and u r i n e collected i n consecutive 40 u l aliquots for a further 6 min. When the urine c o l l e c t i o n terminated, a blood sample was drawn from the l e f t femoral vein.
I s o l a t i o n and incubation of renal tubules
Adult r a t s (250-400 g ) and pups (2-14 d) were decapitated and the kidneys r emoved inmediately, c h i l l e d , decapsulated, and hemisectioned. Thick c o r t i c a l s l i c e s (>ZOO urn) were cut r a p i d l y w i t h a c h i l l e d Stadie-Riggs microtome, and incubated f o r 45 min a t 37OC i n collagenase (0.4%) as described by Burg and O r l o f f (8) and modified by Chesney and Jax (9) for newborn tissues. KrebsHenseleit b u f f e r (containing 5 mM CaC12 t o enhance collagenase a c t i v i t y ) was used f o r incubation of tubules a t pH 7.4.
Collagenase digestion was stopped by immersing the vessel i n crushed ice. After centrifugation (40 x g f o r 30 sec a t 4°C). the p e l l e t was washed three times w i t h cold buffer and f i l t e r e d through a l a y e r o f nylon. L i g h t centrifugation of the f i l t r a t e gave a p e l l e t which was d i l u t e d t o y i e l d tubules a t a f i n a l concentration of 70-100 ug wet wtlml buffer. Suspensions of tubules were incubated i n special flasks ( 8 c o n t a l n~n g KrebsHenseleit buffer a t the usual 1 mM CaC12. At zero time,[ljCl-L-proiine, was added t o the solution which was gassed continuously w i t h 59: C02 i n 02.
HIo r 1 1 4~1 -i n u l i n was used t o measure the e x t r a c e l l u l a r space. Incubations were terminated a t specified times by centrifugation o f the tubule suspension (10,000 x g for 10 min) a t 4OC, followed by washing w i t h 0.5 ml NaCl (0.9%) and resuspension i n d o u b l e -d i s t i l l e d Hz0 (0.5 m l ) . The contents were boiled f o r 5 min, centrifuged again, the p e l l e t discarded, and an a l i q u o t o f supernatant added t o Aquasol-11.
I n other experiments, a-aminoisobutyrate (AIB), was added t o the incubation mixture a t 10 times the substrate concentration t o perform a constant-ratio i n h i b i t i o n t e s t (28) a t various concentrations o f L-proline (0.02-10 mM); osmolarity of the buffer was adjusted t o compensate for AIB content. 
Analytical
RESULTS
Proline excretion i n vivo i n the dog. P r o l i n u r i a increased 5-12 f o l d during the f i r s t 10 days o f postnatal l i f e (Fig. 1) . It then decreased during the following 10 days u n t i l i t was v i r t u a l l y extinguished, as i n the mature animal. Plasma p r o l i n e was approximately 0.2 mM; i t varied less than 2-fold i n the postnatal period (Fig. 1) . These findings imply a renal o r i g i n o f postnatal p r o l i n u r i a i n the dog.
Stop-flow analysis. Experiments were performed on puppies aged 8, 9, and 17 days w i t h neonatal p r o l i n u r i a and an adult dog without p r o l i n u r i a . P m l i n e exc r e t i o n curves were a l i k e i n young and a d u l t animals (Fig. 2 ) . Proline excret i o n d i d not precede i n u l i n excretion (no s i g n i f i c a n t precession) a f t e r release of the ureteral clamp i n e i t h e r newborn o r mature animals. This f i n d i n g i n d icates t h a t postnatal p r o l i n u r i a does not o r i g i n a t e i n the d i s t a l nephron.
Proline uptake by i s o l a t e d r a t renal tubule Net uptake o f L-proline ( a t 0.2 m M and 5 mM) was measured as the soluble i s otopic d i s t r i b u t i o n r a t i o . Uptake was greater a t steady-state i n tubules from newborn r a t s (c7 days o l d ) compared t o those from the a d u l t animal (Fig. 3). There was an inverse r e l a t i o n s h i p between d i s t r i b u t i o n r a t i o and e x t r a c e l l u l a r p r o l i n e concentration, i n d i c a t i n g s a t u r a b i l i t y o f the uptake process i n newborn and mature tubules. I n i t i a l -r a t e measurements indicated s l i g h t l y slower uptake o f 5 m M L-proline by newborn r a t tubules compared w i t h tubules from a d u l t r a t s . This finding was apparent o n l y a t the higher p r o l i n e concentration.
We measured accumulation o f ~1 4~1 i n COq during uptake by tubules t o determine whether loss o f isotope from the soluble i n t r a c e l l u l a r pool i n t o the gaseous phase could explain the differences i n net uptake o f p r o l i n e by newborn and a d u l t r a t tubules. During 10-min incubation, a t 0.02 mM proline, 81% o f label entering tubule c e l l s was converted t o C02 i n the newborn r a t ; the corresponding value i n the a d u l t r a t was 87%; a t 2 1 1 8 ' 4 p r o l i n e the conversions were 76% and 61% respectively. These f i n d i n g s imply t h a t ontogeny of renal p r o l i n e oxidat i o n does not account f o r the observed differences i n net uptake o f p r o l i n e i n t o the soluble pool o f i s o l a t e d tubules from newborn and a d u l t r a t kidney.
AIB i s a competitive i n h i b i t o r o f p r o l i n e uptake by the r a t renal cortex s l i c e a t substrate concentrations above 1 m M (28.41).
W e confirmed t h a t i t i s a comp e t i t i v e i n h i b i t o r o f p r o l i n e uptake by the i s o l a t e d tubule of the mature r a t (data not shown). W e used the constant-ratio i n h i b i t i o n t e s t (2,28) t o show t h a t tubules from a d u l t r a t s exclude A16 from i n t e r a c t i o n w i t h p r o l i n e uptake a t low concentrations (0.2 mM) o f substrate (Fia. 4). On the other hand. AIB s i g n i f i c a n t l y i n h i b i t e d p r o l i n e uptake (p=0.~05j a t ' t h e low substrate concent r a t i o n i n tubules f r a n r a t pups less than 1-week-old. This findinq indicates t h a t the uptake system used by low concentrations of p r o l i n e does not exclude AIB i n very imnature tubules. I t i s compatible w i t h d e f i c i e n t a c t i v i t y o f the low-Km transport system i n the very young r a t pup.
DISCUSSION
Various methods have been used t o describe the process of L-prolir,r transport i n mamnalian kidney. Whole-kidney and single-nephron clearance methods reveal the presence of more than one saturable system I n the prox~mal nephron for net reabsorption of proline (10,34,51,52).
Reabsorption from f i l t r a t e i s ach7eved by Na+-dependent and NaC-independent systems w i t h low and high capacity respectively (6, 10, 51, 52) .
Studies w i t h renal cortex brush-bcrder membrane vesicles also reveal mediated p r o l i n e transport (15, 26, 27) w i t h heterogeneity of the uptake process (26,27), the characteristics o f which are e s s e n t i a l l y compatible w i t h those defined i n the perfused tubule (51.52).
Intrarenal o x idation (metabolic runout) o f subztrate influences net'renal'uptake o f p r o l i n e both i n vitro (3.18.28) . and i n vivo 114.40).
Decreased oxidation i n h i b i t s net reabsorption and increases the c e l l u l a r p r o i i n e content (40). Proline e f f l u x a t the basal-lateral membranc o f renal epithelium i s mediated by a Nat-independent c a r r i e r (40). This c a r r i e r modulates permeability runout from cytoplasm t o peritubular space.
These findings imply t h a t net reabsorption o f p r o l i n e by the mammalian nephron i s achieved by m u l t i p l e c a r r i e r s deplcyed i n the brush-border membrane o f proximal nephron and i s influenced by events t h a t sustain metabolic runout i n cytoplasm and permeability runout a t the basal-lateral membrane.
Renal cortex slices, i n which the basal-lateral membrane appears t o be predominantly exposed (1,531, display m u l t i p l e , saturable p r o l i n e transport systems t h a t presumably serve e p i t h e l i a l n u t r i t i o n . These systems have low and high capacities and higher o r lower s e l e c t i v i t y f o r Droline respectively (2-4.28). Isolated renal tubules, which a p p a r e~t l y expose both the brush-border and basall a t e r a l membrane (11, also possess m u l t i p l e uptake systems f o r transport of p r o l i n e (17).
Mutant phenotypes of renal p r o l i n e c a r r i e r s are l a r g e l y confined t o man, but they too i n d i c a t e the presence of m u l t i p l e c a r r i e r s f o r p r o l i n e i n the nephron (24,34,35) .
Hereditary iminoqlycinuria i n the mature subject causes p a r t i a l D o g , P l a s m a P r o l i n e P o s t n a t a l A g e ( D a y s ) Dog, U r i n e P r o l i n e O .
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